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Poznavanje morfoloških karakteristika korenskog 
NDQDOVNRJ VLVWHPD D SRVHEQR QMHJRYH DSHNVQH WUHüLQH
SUHGVWDYOMDRVQRYQLSUHGXVORY]DXVSHãQR OHþHQMHREROHOH
pulpe i apeksnog parondodoncijuma.
Cilj RYRJ UDGD MH ELR GD RGUHGL WDþQX XGDOMHQRVW
JODYQLK LSRPRüQLKRWYRUDRGYUKDPH]LMDOQLK LGLVWDOQLK
korenova prvih donjih stalnih molara.
Metod rada:.DRPDWHULMDOX LVWUDåLYDQMXNRULãüHQR
je 100 ekstrahovanih prvih donjih molara, osoba oba pola, 
podeljenih u tri strarosne kategorije. Analiza apeksne 
WUHüLQHX]RUDND MHXUDGMHQDX]SRPRüELQRNXODUQH OXSH L
digitalnom rendgenografskom analizom polovine uzoraka 
koja je ispunjena kapilarnim kontrastom.
Rezultati'RELMHQLUH]XOWDWLVXSRND]DOLGDMHQDMYHüD
SURVHþQD XGDOMHQRVW JODYQLK RWYRUD RG YUKD PH]LMDOQRJ
korena iznosila 0,84mm, a najmanja 0,61mm; dok je 
]D GLVWDOQL NRUHQ QDMYHüD SURVHþQD XGDOMHQRVW L]QRVLOD
0,89mm a najmanja 0,62mm. Maksimalna udaljenost 
SRPRüQLKRWYRUDRGYUKDPH]LMDOQRJNRUHQDXSUYRMJUXSL
MH L]QRVLOD PPD PDNVLPDOQD XGDOMHQRVW SRPRüQLK
otvora od vrha distalnog korena je iznosila 2,5mm.
Rezultati dobijeni digitalnom rengenografijom ukazuju 
GD MH QDMYHüD SURVHþQD XGDOMHQRVW JODYQRJ RWYRUD RG
YUKDPH]LMDOQRJ NRUHQD XRþHQD X GUXJRM VWUDURVQRM JUXSL
PP SRWRP X SUYRM   PP L QDMPDQMD X WUHüRM
VWDURVQRMJUXSLPPGRNMH]DGLVWDOQLNRUHQQDMYHüD
SURVHþQDXGDOMHQRVWJODYQRJRWYRUDRGYUKDNRUHQDXRþHQD
X WUHüRM VWUDURVQRM JUXSL PP SRWRP X SUYRM  
mm) i najmanja u drugoj starosnoj grupi ( 0,89mm).
=DNOMXþDN8GDOMHQRVWJODYQLKLSRPRüQLKRWYRUDRG
vrha mezijalnog i distalnog korena korena prvog donjeg 




The main prerequisite for a successful treatment of pulp 
disease in apex periodontium is knowledge of morphological 
characteristics of root canal system, especially one third of 
his apex.
The aim of this work was to define the exact distance of 
the main and auxiliary openings from the top of medial and 
distal roots of the first lower permanent molars.
Methods: as a research material it was used a hundred 
extracted first lower molars of the patients of both gender, 
divided into three age groups. The analysis of the one third 
of apex was done with the help of binocular magnifying glass 
and digital roentgenography analysis half of the samples, 
which were filed with capillary contrast.
Results: The results obtained showed that the longest 
average distance of the main opening from the top of medial 
root was 0.84mm, and the shortest was 0.61mm; while for 
the distal root the longest average distance was 0.89mm, and 
the shortest was 0.62mm. Maximum distance of the auxiliary 
openings from the top of medial root in the first group was 
3.5mm, and the maximum distance of the auxiliary openings 
from the top of distal root was 2, 5 mm.
The results obtained with digital rentgenography showed 
that the longest average distance of the main opening from the 
top of medial root was the one noticed in the second age group 
(0.91mm) then the one from the first group (0,83), and the 
shortest one in the third age group (0,71mm); as for the distal 
root: the longest average distance of the main opening from the 
top of the root was noticed in the third age group (0,95mm) then 
in the first (0,90mm) and than shortest in the second age group 
(0,89mm).
Conclusion: The distance of the main and auxiliary 
openings from the top of medial and distal root of the first 
lower molar varies in the range from 0 to 3,5mm and it 
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8VSHK HQGRGRQWVNRJ WUHWPDQD PRåH VH RþHNLYDWL
VDPR SRVOH SUDYLOQR SRVWDYOMHQH GLMDJQR]H SR]QDYDQMD
PRUIRORãNLK NDUDNWHULVWLND NDQDOD NRUHQD ]XEDSRVHEQR
DQDWRPVNLK NDUDNWHULVWLND YUKD NRUHQD L VSURYHGHQH
DGHNYDWQH HQGRGRQWVNH SURFHGXUH RGQRVQR SUDYLOQH
ELRPHKDQLþNH REUDGH NDQDOD NRUHQD ]XED ýLQMHQLFD
MH WDNRÿH GD MH NDQDOVNL VLVWHP PRODUQLK ]XED YUOR
NRPSOLNRYDQ L GD MH X HQGRGRQWVNRM SURFHGXUL QDMYHüL
SUREOHPXSUDYRDSHNVQDWUHüLQDNRUHQD0QRJLLVWUDåLYDþL
VX SURXþDYDMXüL PRUIRORJLMX NRUHQVNRJ NDQDOD XRþLOL
GD FHPHQWQL GHR NDQDOD QDMþHãüH QH SUDWL SXW GHQWLQVNRJ
NDQDOD QHJR þDN VNUHüH SRG RGUHÿHQLP XJORP
2YH PRUIRORãNH SURPHQH VX UH]XOWDW DGDSWDFLMH ]XED
QD IXQNFLRQDOQH QDGUDåDMH NDR ãWR VX SULWLVDN MH]LND
RNOX]DOQH VLOH L WHQGHQFLMD PH]LMDOQRJ NUHWDQMD ]XED
3R PLãOMHQMX 6HOW]HUD GHYLMDFLMD FHPHQWQRJ NDQDOD
X]URNRYDQD MH SURGXNFLMRP VHNXQGDUQRJ WM WHUFLMDUQRJ
GHQWLQD L NRQVWDQWQLP GHSRQRYDQMHP VHNXQGDUQRJ
FHPHQWDQDYUKXNRUHQD]XED2YLPSURFHVLPDVHPHQMD
SR]LFLMD DSHNVQRJ IRUDPHQD SRVWDYOMDMXüL JD NRQVWDQWQR
GDOMH RG DQDWRPVNRJ YUKD ]XED , QDOD]L 2UEDQD
WDNRÿH XND]XMX GD SRVWRMH UD]OLþLWH YDULMDFLMH QH VDPR X
EURMXYHüLXREOLNXLORNDOL]DFLMLDSLNDOQLKIRUDPHQDLGD
VX JODYQL L SRPRüQL RWYRUL UHWNR ORNDOL]RYDQL QD VDPRP
YUKXNRUHQD11
&LOM
&LOM RYRJ UDGD MH ELR GD VH X] SRPRü ELQRNXODUQH
OXSH L GLJLWDOQH UHQGJHQRJUDILMH SURXþH NDUDNWHULVWLNH
YUKD NRUHQD SUYRJ GRQMHJ PRODUD RGQRVQR GD VH XWYUGL
ORNDOL]DFLMDLXGDOMHQRVWJODYQLKLSRPRüQLKRWYRUDRGYUKD
PH]LMDOQRJ L GLVWDOQRJ NRUHQD X ]XED UD]OLþLWLK VWDURVQLK
NDWHJRULMD
0DWHULMDOLPHWRG
.DR PDWHULMDO X LVWUDåLYDQMX NRULãüHQR MH 
HNVWUDKRYDQLK SUYLK PDQGLEXODUQLK PRODUD RVRED RED





=XEL VX QDNRQ HNVWUDNFLMH þXYDQL X  UDVWYRUX
IRUPDOLQD 1DNRQ GHWDOMQRJ GHEULGPDQD NUXQLþQH L
NRUHQVNH VSROMDãQMH SRYUãLQH ]XED RG þYUVWLK L PHNLK
WNLYDX]RUFLVXGUåDQLXIL]LRORãNRPUDVWYRUXGRSRþHWND
HNVSHULPHQWD




RI PRUSKRORJLFDO FKDUDFWHULVWLFV RI URRW FDQDO V\VWHP RI
WHHWK HVSHFLDOO\ DQDWRPLF FKDUDFWHULVWLFV RI WKH URRW WRS
DQG DGHTXDWH HQGRGRQWLF SURFHGXUH LH WKH FRUUHFW ELR
PHFKDQLFDO SURFHVVLRQ RQ WKH URRW FDQDO RI D WRRWK
7KH IDFW LV WKDW WKH URRWFDQDO V\VWHPRI WKHPRODUV LVYHU\
FRPSOLFDWHG DQG WKDW WKH ELJJHVW SUREOHP LQ HQGRGRQWLF
SURFHGXUHLV WKHRQHWKLUGRIURRWDSH[$ORWRIUHVHDUFKHUV
QRWLFHGVWXG\LQJWKHPRUSKRORJ\RIWKHURRWFDQDOWKDWWKH
FHPHQWSDUWRI WKH URRWPRVWRIWHQGRHVQ¶W IROORZ WKH URXWH
RI WKH GHQWDO FKDQQHO EXW HYHQ GHYLDWHV D OLWWOH DW D FHUWDLQ
DQJOH 7KRVH PRUSKRORJLFDO FKDQJHV DUH WKH UHVXOW RI
WKH DGDSWDWLRQ RI WHHWK WR WKH IXQFWLRQDO VWLPXODWLRQV OLNH
WRQJXH SUHVVXUH RFFOXVDO IRUFHV DQG WKH WHQGHQFLHV RI
WKH PHGLDO PRYHPHQWV RI WKH WHHWK $FFRUGLQJ WR 6HOW]HU
GHYLDWLRQRIWKHFHPHQWURRWFDQDOLVFDXVHGE\DSURGXFWLRQ
RI VHFRQGDU\ LH WHUWLDU\ GHQWLQ DQG FRQVWDQW GHSRVLWLRQ RI
WKHVHFRQGDU\FHPHQWRQWKHWRRWKURRWWRS7KRVHSURFHVVHV
FKDQJHWKHSRVLWLRQRIWKHDSH[IRUDPHQSODFLQJLWFRQVWDQWO\
IXUWKHU IURPWKHDQDWRPLF WRRWK WRS2UEDQ¶VGLVFRYHULHV





7KH DLP RI WKLV ZRUN ZDV WR VWXG\ ZLWK WKH KHOS
RI ELQRFXODU PLFURVFRSH DQG GLJLWDO URHQWJHQRJUDSK\
FKDUDFWHULVWLFV RI WKH URRW WRS RI WKH ILUVW ORZHU PRODU
PRUHH[DFWO\WRHVWDEOLVKORFDOL]DWLRQDQGWKHGLVWDQFHRI
WKHPDLQ DQG DX[LOLDU\ RSHQLQJV IURP WKH WRS RIPHGLDO
DQGGLVWDOURRWRIWKHWHHWKLQGLIIHUHQWDJHJURXSV
0DWHULDODQGPHWKRG
$VDPDWHULDO LQ WKH UHVHDUFK LWZDVXVHGDKXQGUHG
H[WUDFWHG ILUVW PDQGLEOH PRODUV IURP WKH SDWLHQWV RI
GLIIHUHQW JHQGHU ZLWK GLIIHUHQW LQGLFDWLRQ IRU H[WUDFWLRQ






WKH H[WUDFWLRQ $IWHU GHWDLOHG GHEULGHPHQW RI WKH FURZQ
DQGRXWHU VXUIDFHRI WKH WHHWK IURPKDUGDQGVRIW WLVVXHV
WKH VDPSOHV ZHUH NHSW LQ SK\VLRORJLFDO VDOLQH WLOO WKH
EHJLQQLQJRIWKHH[SHULPHQW
7KHILUVWSDUWRIWKHH[SHULPHQWLQFOXGHGVWXG\LQJRQH
WKLUG RI URRW DSH[ XQGHU ELQRFXODU PLFURVFRSH$QDO\VLV
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MH REXKYDWLOD FHORNXSDQ HNVSHUPHQWDOQL X]RUDN 5DGL
ODNãHJ XRþDYDQMD L ORNDOL]DFLMH JODYQLK L SRPRüQLK
RWYRUD QD YUKX NRUHQD DSHNVQD WUHüLQD NRUHQD MH
SRWDSDQD X SODYL YRVDN L SRWRP EULVDQD SDSLUQLP
XEUXVRP 8]RUFL VX ]DWLP SRPRüX YRVND ILNVLUDQL ]D




SUHWKRGQRPRQWLUDQH QD REMHNWLY2VQRYQL NULWHULMXP ]D
UD]OLNRYDQMHJODYQLKRGSRPRüQLKRWYRUDELODMHQMLKRYD
YHOLþLQD WM JODYQL RWYRUL VX ELOL VYL RWYRUL YHüL RG 
PLNURPHWDUD
3RORYLQD VYLK X]RUDND  X]RUDND L] SUYH VWDURVQH
JUXSHL]GUXJHLL]WUHüHJUXSHX]RUDNDSRGYUJQXWD
MH HNVSHULPHQWXSULPHQRPNDSLODUQRJNRQWUDVWD3RPRüX
ãSULFD L LQWUDGHUPDOQH LJOH DSOLNRYDQ MH NDSLODUQL NRQ
WUDVW WHOHEULNV X NDQDOLNXODUQL VLVWHP LVSLWLYDQLK ]XED
'D EL NRQWUDVW GRVSHR GR VYLK GHORYD NDQDOVNRJ VLVWHPD
NRULãüHQ MHYLEUDWRUNRML VH LQDþHNRULVWL ]DEROMH L]OLYDQ










GD MH SURVHþQD XGDOMHQRVW JODYQRJ RWYRUD RG YUKD
PH]LMDOQRJNRUHQD L]QRVLODRGGRPPJUDILNRQ
 8 SUYRM VWDURVQRM JUXSL PDNVLPDOQD XGDOMHQRVW MH
L]QRVLOD  PP X GUXJRM PP L PP X WUHüRM
VWDURVQRM NDWHJRULML 1DMþHãüD XGDOMHQRVW JODYQRJ RWYRUD
RGYUKDPH]LMDOQLJNRUHQDXSUYRMJUXSLMHELODXUDVSRQX
RG PP GR PP  X]RUDND X GUXJRM JUXSL RG
GRPPX]RUND LX WUHüRM WDNRÿHRGGR
PPX]RUDND6WDWLVWLþNL]QDþDMQLKUD]OLNDXUH]XOWDWLPD
XGDOMHQRVWL JODYQLK RWYRUD RG YUKD PH]LMDOQRJ NRUHQD
L]PHÿXX]RUDNDVWDURVQLKJUXSDQLMHELORJUDILNRQ
'RELMHQL UH]XOWDWL VX SRND]DOL GD MH SURVHþQD
XGDOMHQRVW JODYQLK RWYRUD RG YUKD GLVWDOQRJ NRUHQD
L]QRVLOD RG PP GR PP JUDILNRQ  1DMþHãüD






8GDOMHQRVW SRPRüQLK RWYRUD RG YUKD PH]LMDOQRJ
NRUHQD MH ]DEHOHåHQD X UDVSRQXRG PPGRPPX
SUYRMVWDURVQRMJUXSLRGPPGRPPXGUXJRMGRN
LQFOXGHG WKH HQWLUH H[SHULPHQWDO VDPSOH %HFDXVH RI
WKH HDVLHVW REVHUYDWLRQ DQG ORFDOL]DWLRQ RI WKH PDLQ DQG
DX[LOLDU\RSHQLQJVRQWKHURRWWRSRQHWKLUGRIURRWDSH[
ZDV GLSSHG LQWR EOXH YH[ DQG WKHQ GULHGZLWK WKH SDSHU
WRZHO7KHVDPSOHVZHUHWKHQIL[HGZLWKYH[IRUWKHJODVV
VOLGH ZKLFK PDGH WKH PDQLSXODWLRQ RQ WKH PLFURVFRSLF
VWDJHHDVLHU'XULQJWKHDQDO\VLVLWZDVXVHGWZHQW\WLPHV
PDJQLILFDWLRQDQGWKHGLVWDQFHRI WKHPDLQDQGDX[LOLDU\
RSHQLQJV IURP WKH URRW WRS ZDV PHDVXUHG ZLWK WKH XVH
RI WKH PHDVXULQJ VFDOH SUHYLRXVO\ LQVWDOOHG RQ WKH OHQV
7KHEDVHFULWHULD IRU WKHGLVWLQFWLRQRI WKHPDLQ IURPWKH
DX[LOLDU\RSHQLQJVZHUHWKHLUVL]H
+DOIRIDOO WKHVDPSOHVIURPWKHILUVWDJHJURXS
 IURP WKH VHFRQG DQG  IURP WKH WKLUG DJH JURXS
RI VDPSOHV ZHUH H[SRVHG WR DQ H[SHULPHQW E\ XVLQJ
FDSLOODU\FRQWUDVW:LWKWKHXVHRIK\SRGHUPLFV\ULQJHDQG
LQWHUGHUPDO QHHGOH WKH FDSLOODU\ FRQWUDVW WHOHEUL[ ZDV




GLJLWDO URHQWJHQRJUDSK\ DSSDUDWXV 7URSK\ IURP WZR
GLUHFWLRQV 7KH ILUVW GLUHFWLRQ ZDV YHVWLEXOH ± RUDO DQG
WKHRWKHURQHZDVPHGLREXFFDO±GLVWROLQJYDO DQJOH7KH
DQDO\VLV LQFOXGHGPHDVXULQJ WKH GLVWDQFH RI WKH RSHQLQJ
IURP WKH WRS RIPHGLDO DQG GLVWDO URRW RI WKH ILUVW ORZHU
PRODUDSSO\LQJFRPSXWHUSURJUDP3KRWR6KRS&6
5HVXOWV
7KH UHVXOWV RI WKH UHVHDUFK ZKLFK ZDV PDGH ZLWK
ELQRFXODUPLFURVFRSHDUHVKRZQRQWKHJUDSKVDQG
7KH UHVXOWV DFKLHYHG VKRZHG WKDW WKHDYHUDJHGLVWDQFH
RI WKH PDLQ RSHQLQJ IURP PHGLDO URRW WRS ZDV  WR
PPJUDSK,QWKHILUVWDJHJURXSPD[LPDOGLVWDQFH
ZDVPPLQWKHVHFRQGPPDQGPPLQWKHWKLUG
DJH JURXS7KHPRVW RIWHQ GLVWDQFH RI WKHPDLQ RSHQLQJ
IURP PHGLDO URRW WRS LQ WKH ILUVW DJH JURXS ZDV LQ WKH
UDQJHIURPPPWRPPVDPSOHVLQWKHVHFRQG
IURP  WR PP  VDPSOHV DQG LQ WKH WKLUG IURP 
WRPP WRR  VDPSOHV6WDWLVWLFDOO\ WKHUHZHUHQR
LPSRUWDQW GLIIHUHQFHV LQ WKH UHVXOWV WKDW GHDOW ZLWK WKH




PP JUDSK  7KH PRVW RIWHQ GLVWDQFH RI WKH PDLQ
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X WUHüRM VWDURVQRM JUXSL QLMH ]DSDåHQ QLWL MHGDQ SRPRüQL
RWYRUJUDILNRQ1DMYHüLEURMSRPRüQLKRWYRUDXSUYRM
JUXSL ELR MH XGDOMHQ GR PP  X]RUDND SRWRP RG
PPGR PP RGQRVQR RG PPGR PP SR
X]RUDND8GUXJRMJUXSLQDMYHüLEURMSRPRüQLKNDQDOD
ELRMHXGDOMHQGRPPX]RUNDLRGPPGRPP
 X]RUND SRWRP RG PP GR PP X]RUND LWG
JUDILNRQ
8GDOMHQRVW SRPRüQLK RWYRUD RG YUKD GLVWDOQRJ
NRUHQD MH ELOD X UDVSRQX RG PP GR PP X SUYRM
VWDURVQRM JUXSL PP GR PP X GUXJRM L X WUHüRM
JUXSL RG PP GR PP JUDILNRQ  1DMYHüL EURM

















WRSZDV LQ WKH UDQJH IURPPP WR PP LQ WKH ILUVW
DJHJURXS IURPPP WRPP LQ WKH VHFRQG DQG LQ
WKH WKLUG DJH JURXS IURPPP WR PP *UDSK 
7KH ODUJHVW QXPEHU RI WKH DX[LOLDU\ RSHQLQJV LQ WKH ILUVW
JURXSZHUHLQWKHGLVWDQFHXSWRPPVDPSOHVWKHQ
IURPPPWRPPWKDWLVIURPPPWRPP
VDPSOHVHDFK ,Q WKHVHFRQGJURXS WKH ODUJHVWQXPEHURI





Grafikon 2. Udaljenost glavnih otvora od vrha distalnog korena zuba
Graph 2. The distance of the main openings from the top of the distal 
root of the tooth
Grafikon 1. Udaljenost glavnih otvora od vrha mezijalnog korena zuba
Graph 1. The distance of the main openings from the top of the medial 
root of the tooth
*UDILNRQ8GDOMHQRVWSRPRüQLKRWYRUDRGYUKDPH]LMDOQRJNRUHQD
Graph 3. The distance of the auxiliary openings from the top of the 
medial root of the tooth
*UDILNRQ8GDOMHQRVWSRPRüQLKRWYRUDRGYUKDGLVWDOQRJNRUHQD
Graph 4. The distance of the auxiliary openings from the top of the distal 
root of the tooth
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5H]XOWDWL GRELMHQL SRPRüL UHQGJHQRJUDIVNH
GLJLWDOQH DQDOL]H XGDOMHQRVWL JODYQLK RWYRUD X RGQRVX QD
UHQGJHQRJUDIVNLYUKNRUHQDGDWLVXXWDEHOL$QDOL]LUDMXüL
XGDOMHQRVW JODYQLK RWYRUD X RGQRVX QD UHQGJHQRJUDIVNL
YUK NRUHQD XWYUÿHQR MH GD VH NRG PH]LMDOQRJ NRUHQD X
JUXSLGRJRGLQDSURVHþQDXGDOMHQRVWNUHüHX LQWHUYDOX
PP X JUXSL RG  GR  JRGLQD X LQWHUYDOX
PP D X JUXSL SUHNR  JRGLQH SURVHþQD
XGDOMHQRVWVHNUHüHX LQWHUYDOXPP1DRVQRYX
VWDWLVWLþNH REUDGH GRELMHQLK UH]XOWDWD XRþHQR MH GD QHPD
VWDWLVWLþNL ]QDþDMQLK UD]OLND L]PHÿXDQDOL]LUDQLK VWDURVQLK
JUXSD PH]LMDOQRJ NRUHQD $129$.UXVNDO :DOOLV
[2 S!
1D RVQRYX GRELMHQLK UH]XOWDWD L DQDOL]H XGDOMHQRVWL
JODYQLK RWYRUD X RGQRVX QD UHQGJHQRJUDIVNL YUK
NRUHQD XWYUGMHQR MH GD VH NRGGLVWDOQRJNRUHQD X JUXSL
GR  JRGLQD SURVHþQD XGDOMHQRVW NUHüH X LQWHUYDOX
PP X GUXJRM RG PP GRN VH X
WUHüRM VWDURVQRM JUXSL SURVHþQD XGDOMHQRVW NUHüH X
LQWHUYDOX PP 1D RVQRYX VWDWLVWLþNH REUDGH
GRELMHQLK UH]XOWDWD ]DSDåHQR MH GD L]PHGMX VWDURVQLK
JUXSD QD GLVWDOQRP NRUHQX QLMH ELOR VWDWLVWLþNL ]QDþDMQLK
UD]OLND NDGD MH X SLWDQMX XGDOMHQRVW JODYQLK RWYRUD RG
UHQGJHQRJUDIVNRJ DSHNVD $129$.UXVNDO :DOOLV
[2 S!WDEHOD
Tabela  1. Udaljenost glavnih otvora u odnosu na 














MH GD SRVWRML VWDWLVWLþNL ]QDþDMQD UD]OLND VDPR L]PHÿX
JUXSDJRGLQDLJUXSDSUHNRJRGLQHp<0,05
.RPSDUDFLMD SURVHþQLK XGDOMHQRVWL JODYQLK RWYRUD
PH]LMDOQLK L GLVWDOQLK NRUHQRYD SUYRJ GRQMHJ VWDOQRJ
PRODUD GRELMHQLK ELQRNXODUQRP PLNURVNRSLMRP L
GLJLWDOQRP UHQGJHQRJUDILMRP SUHGRþHQD MH X WDEHOL 
3RUHGHüLRYHUH]XOWDWHSULPHüHQRMHGDVX]DEHOHåHQHYHüH





DQDO\VLV RI WKH GLVWDQFH RI WKH PDLQ RSHQLQJV DFFRUGLQJ
WR URHQWJHQRJUDSKLF URRW WRS DUH JLYHQ LQ WDEOH 
$QDO\]LQJ WKH GLVWDQFH RI WKH PDLQ RSHQLQJV DFFRUGLQJ
WR URHQWJHQRJUDSKLF URRW WRS LW ZDV HVWDEOLVKHG WKDW LQ
WKH FDVH RIPHGLDO URRW LQ WKH DJH JURXSXS WR  \HDUV
DQDYHUDJHGLVWDQFHZDVLQWKHUDQJHRIPPLQ
WKHJURXSRI WR LQ WKH UDQJHRIPPDQG
LQWKHJURXSRIRYHU\HDUVRIDJHWKHDYHUDJHGLVWDQFH
ZDV LQ WKH UDQJH RI  2Q WKH EDVH RI VWDWLVWLF
GDWD SURFHVVLQJ LW LV QRWLFHG WKDW WKHUH DUH QR LPSRUWDQW
GLIIHUHQFHV DPRQJ DQDO\]HG PHGLDO URRW DJH JURXSV
$129$.UXVNDO:DOOLV[2 S!
2Q WKH EDVH RI WKH REWDLQHG UHVXOWV DQG DQDO\VLV
RI WKH GLVWDQFH RI WKH PDLQ RSHQLQJV DFFRUGLQJ WR
URHQWJHQRJUDSKLFURRWWRSLWLVHVWDEOLVKHGWKDWLQWKHFDVH
RI GLVWDO URRW LQ WKH DJH JURXS WR  \HDUV WKH DYHUDJH
GLVWDQFHLVLQWKHUDQJHRIPPLQWKHVHFRQGDJH
JURXSIURPPPZKLOHLQWKHWKLUGDJHJURXSWKH
DYHUDJHGLVWDQFH LV LQ WKHUDQJHRIPP2QWKH
EDVHRIVWDWLVWLFGDWDSURFHVVLQJRIWKHREWDLQHGUHVXOWVLWLV
QRWLFHGWKDW WKHUHZHUHQRLPSRUWDQWVWDWLVWLFVGLIIHUHQFHV
DPRQJDQDO\]HGGLVWDO URRWDJHJURXSV LQ WKHFDVHRI WKH
GLVWDQFHRIWKHPDLQRSHQLQJVIURPURHQWJHQRJUDSKLFDSH[
$129$.UXVNDO:DOOLV[2 S!7DEOH
Table 1. The distance of the main and auxiliary openings from 











&RPSDULQJ WKH GLVWDQFH RI WKH PDLQ RSHQLQJ RI
WKHPHGLDODQGGLVWDO URRWDW WKH VSHFLILFDJHJURXSV LW LV




RSHQLQJV RI WKHPHGLDO DQG GLVWDO URRW RI WKH ILUVW ORZHU
SHUPDQHQW PRODU REWDLQHG ZLWK ELQRFXODU PLFURVFRSH
DQG GLJLWDO URHQWJHQRJUDSK\ LV VKRZQ LQ WKH WDEOH 
&RPSDULQJ WKRVH UHVXOWV LW LV REVHUYHG WKDW WKH ODUJHVW
YDOXHVRIGLVWDQFHVZHUHQRWHGZLWKWKHPHWKRGRIGLJLWDO
URHQWJHQRJUDSK\ H[FHSW LQ WKH WKLUG DJH JURXS RQ WKH
GLVWDOURRWLQZKLFKFDVHWKHODUJHVWYDOXHVDUHQRWHGZLWK
WKHPHWKRGRIELQRFXODUPLFURVFRSH
 Stom Glas S, vol. 52, 2005. 
'LVNXVLMD
$QDOL]LUDMXüL UH]XOWDWH GRELMHQH ELQRNXODUQRP
PLNURVNRSLMRP X SRJOHGX XGDOMHQRVWL JODYQRJ RWYRUD
RG YUKDPH]LMDOQRJ NRUHQD XVWDQRYOMHQR MH GD MH X SUYRM
LGUXJRMVWDURVQRMJUXSLQDMYHüHXGDOMHQMHRGYUKDNRUHQD
L]QRVLOR PP D X WUHüRM NDWHJRULML PP 5H]XOWDWL
RYH VWXGLMH QD RYDM QDþLQ SRWYUÿXMX WHRULMX R VPDQMHQMX
SUROLIHUDWLYQH VSRVREQRVWL FHPHQWD NRMH QDVWDMH VD
JRGLQDPD 3R RYRM KLSRWH]L LQWHQ]LWHW DSR]LFLMH FHPHQWD
RSDGD SRVOH  JRGLQH åLYRWD ãWR QDUDYQR XWLþH L QD
XGDOMHQRVWVDPRJRWYRUDRGYUKDNRUHQD]XED12
6OLþQL UH]XOWDWL GRELMHQL VX L X QDOD]LPD GUXJLK
LVWUDåLYDþD WDNR GD MH X PRUIRORãNRM VWXGLML *UHHQD
SURVHþQDXGDOMHQRVWJODYQRJRWYRUDXRGQRVXQDDQDWRPVNL
YUK ]XED MH L]QRVLOD PP 3UDWHüL RYDM SDUDPHWDU X




SULORJRYRMKLSRWH]LVX L LVWUDåLYDQMD6WDLQDD L&RUFRUDQ
D NRML NRQVWDWXMX GD MH X PODÿRM NDWHJRULML SURVHþQD
XGDOMHQRVW JODYQRJ RWYRUD RG YUKD NRUHQD PP D X
VWDULMRMPP
$QDOL]LUDMXüL UH]XOWDWH GRELMHQH ELQRNXODUQRP
PLNURVNRSLMRPQLMH SULPHüHQRYHOLNRRGVWXSDQMH X SUYRM
L GUXJRM VWDURVQRM JUXSL SR SLWDQMX XGDOMHQRVWL RWYRUD RG
YUKD GLVWDOQRJ NRUHQD ]XED 8 SUYRM L GUXJRM VWDURVQRM
JUXSLQDMYHüHXGDOMHQMHRGYUKDNRUHQDMHL]QRVLORPP
D SURVHþQD XGDOMHQRVW MH ELOD  PP ]D SUYX JUXSX
RGQRVQR  PP X GUXJRM JUXSDFLML 8RþHQD MH UD]OLND
NRG ]XED X X]UDVWX GR  L SUHNR  JRGLQH VWDURVWL
SUYD L GUXJD VWDURVQD JUXSD X RGQRVX QD WUHüX JGH MH




'UXJD LQWHUHVDQWQD LVWUDåLYDQMD SRND]XMX GD VH
QDMYHüHGHYLMDFLMHDSHNVQRJIRUDPHQDGHãDYDMXQDNRUHQX
JGH ]XEL IRUPLUDMX PDVWLNDWRUQH FHQWUH PH]LREXNDOQL
NRUHQJRUQMHJSUYRJPRODUDLGLVWDOQLNRUHQGRQMHJSUYRJ
PRODUD 2YL NRUHQRYL DSVRUEXMX QDMYHüL PDVWLNDWRUQL
SULWLVDN WDNRGDFHPHQWQDDNXPXODFLMDSUHGVWDYOMDSURFHV
YHOLNHDGDSWLELOQHVSRVREQRVWLQDIXQNFLRQDOQHLIL]LRORãNH
VWUHVRYH 5D]OLNH X XGDOMHQRVWL RWYRUD RG YUKD NRUHQD
]XED NRMH SRVWRMH L]PHÿX PH]LMDOQRJ L GLVWDOQRJ NRUHQD
VH REMDãQMDYDMX ]QDþDMQRP XORJRP GLVWDOQRJ NRUHQD X
IXQNFLMLPDVWLNDFLMH
3URVHþQD XGDOMHQRVW SRPRüQLK RWYRUD RG YUKD
PH]LMDOQRJ NRUHQD X SUYRM JUXSL MH L]QRVLOD PP D
X GUXJRM JUXSL  PP 3URVHþQR XGDOMHQMH SRPRüQLK
RWYRUD RG YUKD GLVWDOQRJ NRUHQD X SUYRM VWDURVQRM JUXSL
MH L]QRVLOR PP D X GUXJRM PP 2YDNDY QDOD]
SRWYUÿXMH WHRULMH R NRQVWDQWQRM GHSR]LFLML FHPHQWQRJ
NRQXVDDVDPLPWLPLNRPSOHWQHDSLNDOQHGHOWH
'LVFXVVLRQ
$QDO\]LQJ WKH UHVXOWV REWDLQHG ZLWK ELQRFXODU
PLFURVFRSH FRQFHUQLQJ WKH GLVWDQFH RI WKHPDLQ RSHQLQJ
IURP WKH PHGLDO URRW WRS LW LV REWDLQHG WKDW WKH ODUJHVW
GLVWDQFH IURP WKH URRW WRS LQ WKH ILUVW DQG WKH VHFRQG
DJH JURXS ZDV PP DQG LQ WKH WKLUG FDWHJRU\ LW ZDV




RI OLIH ZKDW RI FRXUVH LQIOXHQFHV RQ WKH GLVWDQFH RI WKH
YHU\RSHQLQJIURPWKHURRWWRSRIWKHWRRWK12
7KHVLPLODUUHVXOWVZHUHJDLQHGLQ WKHILQGLQJVRI WKH
RWKHU UHVHDUFKHV VR LQ WKH *UHHQ¶V PRUSKRORJLFDO VWXG\







IDYRURI WKLVK\SRWKHVLVZKHQVWDWHG WKDW LQ WKH\RXQJDJH
JURXSWKHDYHUDJHGLVWDQFHIURPWKHPDLQRSHQLQJIURPWKH
URRWWRSLVPPDQGLQWKHROGDJHJURXSLVPP
$QDO\]LQJ WKH UHVXOWV REWDLQHG ZLWK ELQRFXODU
PLFURVFRSH WKHUHZDVQ¶W QRWLFHDEOH H[FHSWLRQ LQ WKH ILUVW
DQG VHFRQG DJH JURXS DFFRUGLQJ WR WKH GLVWDQFH RI WKH
PDLQRSHQLQJIURPWKHGLVWDOURRW WRSRI WKH WHHWK,Q WKH
ILUVWDJHJURXSWKH ODUJHVWGLVWDQFHIURPWKHURRW WRSZDV









GHYLDWLRQ RI WKH DSH[ IRUDPHQ LV KDSSHQLQJ RQ WKH URRW
ZKHUH WHHWK IRUPHG PDVWLFDWRU\ FHQWHUV PHGLREXFFDO
URRW RI WKH ILUVW ORZHU PRODU DQG GLVWDO URRW RI WKH ILUVW
ORZHUPRODU7KRVHURRWVDEVRUEWKHJUHDWHVWPDVWLFDWRU\
SUHVVXUH VR WKDW WKH FHPHQW DFFXPXODWLRQ SUHVHQWV WKH





7KH DYHUDJH GLVWDQFH RI WKH DX[LOLDU\ RSHQLQJV IURP
WKHPHGLDO URRW WRS LQ WKH ILUVWJURXSZDVPPDQG LQ
WKH VHFRQGJURXS LWZDVPP7KHDYHUDJHGLVWDQFHRI
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6YUKD LVWUDåLYDQMD DSHNVQH WUHüLQH NRUHQD SUYRJ
GRQMHJ PRODUD SULPHQRP NDSLODUQRJ NRQWUDVWD L
QMHJRYRPNDVQLMRPGLJLWDOQRPUHQGJHQRJUDILMRP MHGD
VH XWYUGL WM NRPSDULUD YHURGRVWRMQRVW UHQGJHQRJUDILMH
NDR QDMþHãüH PHWRGH SUL RGUHÿLYDQMX NUDMQMH WDþNH
NDQDOQHSUHSDUDFLMHRGQRVQRSUHFL]QRVWSULRGUHÿLYDQMX
ORNDOL]DFLMH JODYQRJ RWYRUD L QMHJRYH XGDOMHQRVWL RG
YUKD]XED
,DNR UHQGJHQRJUDIVNL VQLPDN QDMþHãüH SUHGVWDYOMD
MHGLQR RUXÿH X NOLQLþNRM HQGRGRQWVNRM SUDNVL QHNL
IDNWRULPRJX LPDWL GLUHNWDQ XWLFDM QD NYDOLWHW L WDþQRVW
RYRJQDþLQDRGUHÿLYDQMD JUDQLFH REUDGHNDQDOD L WDþQH
ORNDOL]DFLMH RWYRUD JODYQRJ NDQDOD7R VX VWDQMH ILOPD
SRORåDM WXEXVDYUHPHHNVSR]LFLMH LSURFHVUD]YLMDQMD13
1D NYDOLWHW ILOPD WDNRÿH XWLþX NOLQLþNL IDNWRUL
QHVWUXþQRVW VHQ]LWLYQD UHDNFLMD SDFLMHQWDPDNURJORVLD
SOLWDN SRG XVWD L NOLQLþDUL PRUDMX ELWL VYHVQL RYLK
QHGRVWDWDNDWRNRPUDGLRJUDIVNHLQWHUSUHWDFLMH13
0RåGD MH LSDN QDM]QDþDMQLML QHGRVWDWDN GHQWDOQH
UHQGJHQJUDILMHXSUDYRþLQMHQLFDGDGRELMDPRGYRGLPHQ
]LRQOQL SULND] WURGLPHQ]LRQDOQH VWUXNWXUH âWD YLãH
VXSHUSR]LFLMD QRUPDOQLK DQDWRPVNLK VWUXNWXUD LOL
SULND]LYDQMH SDWRORãNLK VWUXNWXUD QD NRUHQVNRP
DSHNVX þHVWR PRåH XWLFDWL QD SUDYLOQX LQWHUSUHWDFLMX
SURPHQD QD L]ORåHQRP ILOPX 7R PRåH GRYHVWL
GRORãHRGUHÿHQHUDGQHGXåLQHGRPHKDQLþNHLULWDFLMH
SHULDSHNVQRJ WNLYD L QMHJRYRJ SUHSXQMDYDQMD ãWR
RSHW PRåH X]URNRYDWL SRMDYX SRVWRSHUDWLYQRJ EROD
LQIODPDFLMHLQHXVSHKDUHSDUDFLMH
$QDOL]LUDMXüLUH]XOWDWHRXGDOMHQRVWLJODYQLKRWYRUD
RG UHQGJHQRJUDIVNRJ YUKD NRUHQD GRELMHQH SRPRüX
GLJLWDOQH UHQGJHQRJUDILMH XWYUÿHQR MH GD X SUYRM
VWDURVQRM JUXSL RQR SURVHþQR L]QRVL PPPH]LMDOQL
NRUHQWMPPGLVWDOQLNRUHQXGUXJRMMHPP
PH]LMDOQL NRUHQ LOL PP GLVWDOQL NRUHQ GRN MH
]D WUHüX VWDURVQX JUXSX SURVHþQR XGDOMHQMH L]QRVLOR
PP PH]LMDOQL NRUHQ RGQRVQR PP GLVWDOQL
NRUHQ








NRUHQRYD SUYRJ GRQMHJ PRODUD 0RJXüQRVW ãLUHQMD
UHQGJHQRJUDIVNHVOLNHUD]OLþLWLXJORYLVQLPDQMDWDNRGMH
PRJX ELWL X]URN RYLK UD]OLND 'DNOH ]D SUDNWLþDUH MH
QHRELþQRYDåQRGDVHVYHRYHPRJXüQRVWLX]PXXRE]LU
SUL UHQGJHQRJUDIVNRPRGUHGMLYDQMXDSHNVQRJVWRSHUDX
HQGRGRQWVNRM WHUDSLMLGD EL VH L]EHJOH NRPSOLNDFLMH ,]
RYLK QDOD]D VOHGL GD SUHSXQMDYDQMH NRUHQVNRJ NDQDOD L
SUHEDFLYDQMH RSWXUDFLRQLKPDWHULMDOD X SHULDSHNVPRåH
7KH SXUSRVH RI FRQGXFWLQJ WKH UHVHDUFK RI WKH RQH
WKLUGRIDSH[RIWKHURRWRIWKHILUVWORZHUPRODUZLWKWKH
DSSOLFDWLRQ RI FDSLOODU\ FRQWUDVW DQG WKHLU ODWHU GLJLWDO
UHQWJHQRJUDSK\LVWRHVWDEOLVKLHWRFRPSDUHFUHGLELOLW\
RI URHQWJHQRJUDSK\ DV WKH PRVW RIWHQ PHWKRG ZKHQ
HVWDEOLVKLQJ WKH IXUWKHVW VSRW RI WKH URRW SHQHWUDWLRQ RU
SUHFLVLRQ GXULQJ WKH GHILQLWLRQ RI WKH ORFDOL]DWLRQ RI WKH
PDLQRSHQLQJDQGWKHLUGLVWDQFHIURPWKHWRRWKWRS
$OWKRXJK WKH [UD\ LV IUHTXHQWO\ WKH RQO\ GHYLFH
LQ FOLQLFDO HQGRGRQWLF SUDFWLFH VRPH IDFWRUVPD\ KDYH D
GLUHFW LQIOXHQFH RQ WKH TXDOLW\ DQG WKH SUHFLVLRQ RI WKHLU
ZD\ RI GHILQLQJ WKH ERUGHUV RI WKH SURFHVVLQJ WKH URRW
FDQDO DQG WKH H[DFW ORFDOL]DWLRQ RI WKH RSHQLQJ RI WKH
PDLQ FDQDO 7KHVH DUH WKH VWDWH RI WKH ILOP WKH SRVLWLRQ
RIWKHWXEHWLPHRIH[SRVLWLRQDQGWKHSURFHVVRIWKHILOP
GHYHORSPHQW13 7KH FOLQLFDO IDFWRUV QRQSURIHVVLRQDO




0D\EH WKH PRVW LPSRUWDQW GHIHFW RI GHQWDO
UHQWHQRJUDSK\LVWKHYHU\IDFWWKDWZHJHWWZRGLPHQVLRQDO
SLFWXUH RI WKUHHGLPHQVLRQDO VWUXFWXUH (YHQ PRUH
WKH VXSHULPSRVLWLRQ RI QRUPDO DQDWRPLF VWUXFWXUHV RU
SUHVHQWDWLRQ RI SDWKRORJLFDO VWUXFWXUHV RQ WKH URRW DSH[
RIWHQ LQIOXHQFH WKH FRUUHFW LQWHUSUHWDWLRQ RI WKH FKDQJHV
VKRZQRQWKHILOP,WFRXOGOHDGWRLQFRUUHFWGHILQLWLRQ
RI WKH ZRUNLQJ OHQJWK WR PHFKDQLFDO LUULWDWLRQ SHU
DSH[ WLVVXH DQG LWV RYHUVWXIILQJ ZKLFK FRXOG OHDG WR WKH
SRVWRSHUDWLYHSDLQLQIODPPDWLRQDQGUHSDUDWLRQIDLOXUH
$QDO\]LQJ WKH UHVXOWV RI WKH GLVWDQFH RI WKH PDLQ
RSHQLQJV IURP URHQWJHQRJUDSKLF URRW WRS REWDLQHG ZLWK




LQ WKH WKLUG DJH JURXS WKH DYHUDJH GLVWDQFH LV PP
PHGLDOURRWRUPPGLVWDOURRW
&RPSDULQJ WKHVH UHVXOWV ZLWK WKH UHVXOWV JRW ZLWK
WKH ELQRFXODU PLFURVFRSH LW LV QRWLFHG WKDW WKH ODUJHVW
YDOXHV RI GLVWDQFHVZHUH QRWHGZLWK WKHPHWKRG RI GLJLWDO
URHQWHQRJUDSK\H[FHSWLQWKHWKLUGDJHJURXSRQWKHGLVWDO
URRWZKHUH WKH ODUJHUYDOXHVRIGLVWDQFHVZHUHQRWHGZLWK
WKH PHWKRG RI ELQRFXODU PLFURVFRSH ,W FRXOG EH DVVXPHG
WKDWWKHFDXVHIRUWKLVGLIIHUHQFHVOLHLQWKHYHU\PHWKRGRORJ\
DQG WKH GLIILFXOWLHV LQ FRQWUDVW DSSOLFDWLRQ RU EHFDXVH RI
WKHFRPSOLFDWHGDQGQDUURZURRWVRIWKHILUVWORZHUPRODUV
7KH SRVVLELOLW\ RI ZLGHQLQJ WKH URHQWHQRJUDSKLF SLFWXUH
GLIIHUHQW DQJOHV RI WKH [UD\ FRXOG DOVR EH WKH FDXVH IRU
WKHVHGLIIHUHQFHV6RIRUWKHSUDFWLWLRQHUVLWLVYHU\LPSRUWDQW
RFRQVLGHUDOOWKRVHSRVVLELOLWLHVZKLOHURHQWJHQRJUDSKLFDOO\
GHILQLQJ WKH DSH[ VWRSSHU LQ HQGRGRQWLF WKHUDS\ WR DYRLG
FRPSOLFDWLRQV 7KH FRQFOXVLRQ IURP WKHVH ILQGLQJV LV
WKDW RYHUVWXIILQJ RI WKH URRW FDQDO DQG H[FHHGLQJ RI
ILOOLQJ PDWHULDO LQWR SHUDSH[ FRXOG RFFXU PXFK RIWHQ
DV D FRPSOLFDWLRQ LI RQO\ URHQWJHQRJUDSK\ ILQGLQJV DUH
 Stom Glas S, vol. 52, 2005. 
ELWL PQRJR þHãüD NRPSOLNDFLMD XNROLNR VH SUDWH VDPR
UHQGJHQRJUDIVNL QDOD]L =D SUDYLOQR RGUHGMHQX
NUDMQMX WDþNXNDQDOQH LQVWUXPHQWDFLMH LRSWXUDFLMH WUHED
LVSRãWRYDWL /DQJHODQGRYR SUDYLOR NRMH SUHWSRVWDYOMD
]QDQMH R YDULMDFLMDPD NDQDOD NRUHQD GREDU WDNWLOQL
RVHüDM ]DDSHNVQR VXåHQMHXSRWUHEXSDSLUQLKSRHQD]D




 x1DMYHüD SURVHþQD XGDOMHQRVW JODYQLK RWYRUD RG YUKD
PH]LMDOQRJ NRUHQD L]QRVLOD PP D QDMPDQMD
PP GRN MH ]D GLVWDOQL NRUHQ QDMYHüD SURVHþQD
XGDOMHQRVW L]QRVLOD PP D QDMPDQMD PP X
WUHüRMJUXSDFLML
 x3URVHþQD XGDOMHQRVW SRPRüQLK RWYRUD RG YUKDPH]L
MDOQRJ NRUHQD X SUYRM JUXSL MH L]QRVLOD PP D X
GUXJRM JUXSL PP3URVHþQR XGDOMHQMH SRPRüQLK
RWYRUD RG YUKD GLVWDOQRJ NRUHQD X SUYRM VWDURVQRM
JUXSLMHL]QRVLORPPDXGUXJRMPP
 x1D RVQRYX UH]XOWDWD GRELMHQLK GLJLWDOQRP UHQJHQR
JUDILMRPPRåH VH ]DNOMXþLWL GD MH QDMYHüD SURVHþQD
XGDOMHQRVWJODYQRJRWYRUDRGYUKDPH]LMDOQRJNRUHQD
XRþHQDXGUXJRMVWUDURVQRMJUXSLPPSRWRPX





IROORZHG )RU ULJKWIXOO\ FKRVHQ WKH IXUWKHVW VSRW IRU
FDQDO LQVWUXPHQWDWLRQ DQG ILOOLQJ WKH /DQJHODQG¶V UXOH
VKRXOGEH IROORZHGZKLFKDVVXPHG WKHNQRZOHGJHRI URRW




2Q WKH EDVHV RI WKH REWDLQHG UHVXOWV LW FRXOG EH
FRQFOXGHG
 x7KH ODUJHVW DYHUDJH GLVWDQFH RI WKH PDLQ RSHQLQJV
IURP WKH PHGLDO URRW WRS ZDV PP DQG WKH
VPDOOHVW ZDV PP ZKLOH IRU WKH GLVWDO URRW
WKH ODUJHVW DYHUDJH GLVWDQFH ZDV PP DQG WKH
VPDOOHVWZDVLQWKHWKLUGDJHJURXS
 x7KH DYHUDJH GLVWDQFH RI WKH DX[LOLDU\ RSHQLQJV
IURP WKHPHGLDO URRW WRS LQ WKH ILUVW DJH JURXSZDV
PPDQGLQWKHVHFRQGJURXSLWZDVPP7KH
DYHUDJH GLVWDQFH RI WKH DX[LOLDU\ RSHQLQJV IURP WKH
GLVWDOURRWWRSLQWKHILUVWDJHJURXSZDVPPDQG
LQWKHVHFRQGJURXSLWZDVPP
 x2Q WKH EDVLV RI WKH UHVXOWV JDLQHG ZLWK GLJLWDO
URHQWHQRJUDSK\LWFRXOGEHFRQFOXGHGWKDWWKHODUJHVW
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